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Description
TECHNICAL FIELD

[0001] The presentinvention relatesto an electric pow-
er steering apparatus, and more particularly to an electric
power steering apparatus configured to produce assist
torque by controlling a plurality of systems corresponding
to a plurality of motor coils provided in a motor.

BACKGROUND ART

[0002] An electric power steering apparatus is, as is
well known, an apparatus which is configured to assist
in driver’s steering force using driving force of a motor;
nevertheless, a conventional electric power steering ap-
paratus is configured in most cases to include one driving
circuit for one motor. However, in recent years, it can be
known that an electric power steering apparatus is
mounted on a whole category of wheeled vehicles, there-
by revealing that, if assist functions stop due to a failure
or fault of the electric power steering apparatus, it is close
to impossible for the driver to operate the steering wheel,
causing difficulties in running the wheeledvehicle itself.
For this reason, the need is intensified to continue the
assist, depending on content of the fault, as much as
possible even when the electric power steering appara-
tus becomes faulty.

[0003] For dealing therewith, conventionally, an elec-
tric power steering apparatus is proposed in which two
sets of three-phase motor coils are provided for one mo-
tor, and two sets of driving circuits are included to sepa-
rately control each of those three-phase motor coils (for
example, refer to Patent Document 1). The conventional
electric power steering apparatus disclosed in Patent
Document 1 is so arranged that, when a fault is detected
in one system constituted of a set of three-phase motor
coils by a fault detection means, the control is continued
by decreasing a motor instruction value using a remain-
ing normal system. At this time, because the motor in-
struction value is decreased, assist force by the motor
becomes smaller, so that a driver can recognize that the
fault occurs in the electric power steering apparatus.

[Patent Document]

[0004] [Patent Document 1] Japanese Laid-Open Pat-
ent Publication No. 2011-131860

[0005] US 2011/0316466 A1 discloses a motor drive
apparatus, wherein the motor includes a plurality of coil
sets for an electric power steering system of a vehicle.
The motor drive apparatus includes a plurality of inverters
for converting DC power of a DC power source to AC
power for the motor. The inverters are paired with the
coil sets of the motor. The motor drive apparatus inter-
rupts power supply to the inverter that corresponds to
the inverter or the coil set, which is detected as having
failure. The motor drive apparatus drives the motor by

10

15

20

25

30

35

40

45

50

55

only the inverter operating normally. The motor drive ap-
paratus adds a predetermined vibration component of a
predetermined amplitude and frequency to a current sup-
plied from the inverter operating normally to the motor.

SUMMARY OF THE INVENTION

[0006] Because the conventional apparatus disclosed
in Patent Document 1 is so arranged as described above
that, when one system becomes faulty, a motor instruc-
tion value of the other normal system is decreased, in
order to notify the fault to the driver, so that a motor cur-
rent value is lowered than that of ordinary times, there
arises a problem in that, though the driver can recognize
the fault, a steering wheel cannot be operated without
applying thereto larger steering force than that of ordinary
times, resulting in an increased workload to the driver.
[0007] The presentinvention has beendirected at solv-
ing these problems in a conventional electric power steer-
ing apparatus described above, and an object of the in-
vention is to provide an electric power steering apparatus
that can mitigate a driver’s workload in response to steer-
ing-wheel operations, even when afailure or fault occurs.
[0008] An electric power steering apparatus according
to the present invention is configured to assist in steering
force of a driver by driving force of a motor having a plu-
rality of independent motor coils, and the electric power
steering apparatus comprises:

a plurality of systems including driving circuits pro-
vided for every one of the plurality of motor coils, for
driving the motor coils corresponding to the driving
circuits; and

a control unit for controlling control values of the driv-
ing circuits, wherein,

when a fault occurs in at least one of the plurality of
systems including the motor coils,

the control unitdecreases a control value of a system
inwhich the fault occurs from an ordinary time control
value thereof, and also increases a control value of
a system in which the fault does not occur to more
than an ordinary time control value thereof.

[0009] According to the electric power steering appa-
ratus of the present invention, even when at least one of
systems becomes faulty, a driver’s workload in response
to steering-wheel operations is mitigated, and also steer-
ing assist can be secured and the secured one is contin-
ued.

BRIEF DESCRIPTION OF DRAWINGS

[0010]
Fig. 1 is a diagram illustrating a circuit configuration
of an electric power steering apparatus according to

Embodiment 1 of the present invention;
Fig. 2is aflowchartillustrating operations of the elec-
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tric power steering apparatus according to Embodi-
ment 1 of the present invention;

Fig. 3 is a control characteristic diagram of the elec-
tric power steering apparatus according to Embodi-
ment 1 of the present invention;

Fig. 4 is a flowchart illustrating operations of an elec-
tric power steering apparatus according to Embodi-
ment 2 of the present invention;

Fig. 5 is a characteristic diagram for explaining an
electric power steering apparatus according to Em-
bodiment 3 of the present invention; and

Fig. 6is another characteristic diagram for explaining
the electric power steering apparatus according to
Embodiment 3 of the present invention.

DESCRIPTION OF EMBODIMENTS
Embodiment 1.

[0011] Hereinafter, the explanation will be made refer-
ring to the drawings for an electric power steering appa-
ratus according to Embodiment 1 of the present inven-
tion. Fig. 1 is a diagram illustrating a circuit configuration
ofthe electric power steering apparatus according to Em-
bodiment 1 of the present invention, showing a case in
which two sets of motor coils, a first motor coil and a
second motor coil are included in a motor, as this will be
described later.

[0012] In the following explanation, a system including
the first motor coil, a first inverter as a first driving circuit
that supplies electric power to the first motor coil, and a
first relay connected between the first inverter and a bat-
tery is collectively referred to as a first system, and will
be explained by designating "a" at the end of each of
constituent element’s symbols. In addition, a system in-
cluding the second motor coil, a second inverter as a
second driving circuit that supplies electric power to the
second motor coil, and a second relay connected be-
tween the second inverter and the battery is collectively
referred to as a second system, and will be explained by
designating "b" at the end of each of constituent ele-
ment’s symbols. Note that, the motor coils are not nec-
essarily limited to the two sets; three sets or more of them
may be provided.

[0013] In Fig. 1, the electric power steering apparatus
100 according to Embodiment 1 of the present invention
includes the motor 3 for producing driving force to assist
in steering force of a driver; the first inverter 20a as the
first driving circuit; the second inverter 20b as the second
driving circuit; a control unit (hereinafter referred to as an
"ECU") 10; the battery 4 mounted on a wheeled vehicle;
the first relay 6a that controls power-source supply from
the battery 4 to the first inverter 20a; the second relay 6b
that controls power-source supply from the battery 4 to
the second inverter 20b; a choke coil 5 connected be-
tween the battery 4, and the first relay 6a and the second
relay 6b; sensors 2 for detecting steering torque of the
driver, a wheeled-vehicle speed, and the like; and a no-
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tification device 9 for notifying the driver or the like of
abnormality of the electric power steering apparatus.
[0014] The choke coil 5 described above is provided
for preventing noise from being outputted to other devic-
es because the first inverter 20a or the second inverter
20b generates the noise by switching the switching de-
vices at high speed according to a PWM control as will
be described later. When the first inverter 20a or the sec-
ond inverter 20b becomes faulty, the notification device
9 described above notifies the driver of an occurrence of
the fault using audio, light, vibration, and the like.
[0015] The motor 3 is a motor of a brushless type, and
includes the motor coils 3a and 3b that are two sets of
armature windings formed in three-phase delta connec-
tions. In the following explanation, one motor coil 3a in
these motor coils is referred to as the first motor coil, and
the other motor coil 3b, referred to as the second motor
coil.

[0016] Thefirstinverter 20ais constituted of six switch-
ing devices T1a, T2a, T3a, T4a, T5a and T6a made of
field-effect transistors (hereinafterreferred to as "FETs"),
three shunt resistors Rua, Rva and Rwa, and one
smoothing capacitor C1a. In the six switching devices,
the switching devices T1a, T3a and T5a are inserted in
aphase-U upper arm, aphase-V upperarm and a phase-
W upper arm of a three-phase bridge circuit, respectively,
and the switching devices T2a, T4a and T6a are inserted
in a phase-U lower arm, a phase-V lower arm and a
phase-W lower arm of the three-phase bridge circuit, re-
spectively.

[0017] The shuntresistors Rua, Rvaand Rwa provided
for detecting motor currents as will be described later are
connected between the switching devices T2a, T4a and
T6a, respectively, and to a ground level of the vehicle.
The smoothing capacitor C1a connected betweena com-
mon connecting portion of the switching devices T1a,
T3a and T5a, and the ground level of the vehicle is pro-
vided for smoothing a power-source voltage supplied to
the first inverter 20a.

[0018] A phase-U alternating-current (AC) terminal
that is a series connecting portion between the switching
device T1a and the switching device T2a is connected
to a phase-U terminal of the first motor coil 3a of the motor
3; a phase-V AC terminal that is a series connecting por-
tion between the switching device T3a and the switching
device T4a, connected to a phase-V terminal of the first
motor coil 3a; and a phase-W AC terminal that is a series
connecting portion between the switching device T5aand
the switching device T6a, connected to a phase-W ter-
minal of the first motor coil 3a.

[0019] Each end of upper arms in each phase of a
three-phase bridge circuit configured to include the re-
spective switching devices T1a, T3a and T5a is mutually
connected in common to form a positive electrode-side
DC terminal of the first inverter 20a, and is connected to
a positive electrode-side terminal of the battery 4 by way
of the first relay 6a. Meanwhile, each end of lower arms
in each phase of the three-phase bridge circuit configured
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to include the respective switching devices T2a, T4a and
T6a forms negative electrode-side DC terminals of the
first inverter 20a, and is connected to the ground level of
the vehicle through the shunt resistors Rua, Rva and
Rwa, respectively.

[0020] The second inverter 20b is constituted of six
switching devices T1b, T2b, T3b, T4b, T5b and T6b made
of FETs, three shunt resistors Rub, Rvb and Rwb, and
one smoothing capacitor Clb. In the six switching devic-
es, the switching devices T1b, T3b and T5b are inserted
in a phase-U upper arm, a phase-V upper arm and a
phase-W upper arm of a three-phase bridge circuit, re-
spectively, and the switching devices T2b, T4b and T6b
are inserted in a phase-U lower arm, a phase-V lower
arm and a phase-W lower arm of the three-phase bridge
circuit, respectively.

[0021] Theshuntresistors Rub, Rvb and Rwb provided
for detecting motor currents as will be described later are
connected between the switching devices T2b, T4b and
T6b, respectively, and to the ground level of the vehicle.
The smoothing capacitor Clb connected between a com-
mon connecting portion of the switching devices T1b,
T3b and T5b, and the ground level of the vehicle is pro-
vided for smoothing a power-source voltage supplied to
the second inverter 20b.

[0022] A phase-U AC terminal that is a series connect-
ing portion between the switching device T1b and the
switching device T2b is connected to a phase-U terminal
of the second motor coil 3b of the motor 3: a phase-V AC
terminal that is a series connecting portion between the
switching device T3b and the switching device T4b is
connected to a phase-V terminal of the second motor coill
3b;and aphase-W AC terminal thatis a series connecting
portion between the switching device T5b and the switch-
ing device T6b is connected to a phase-W terminal of the
second motor coil 3b.

[0023] Each end of upper arms in each phase of a
three-phase bridge circuit configured to include the re-
spective switching devices T1b, T3b and T5b is mutually
connected in common to form a positive electrode-side
DC terminal of the second inverter 20b, and is connected
to the positive electrode-side terminal of the battery 4 by
way of the second relay 6b. Meanwhile, each end of lower
arms in each phase of the three-phase bridge circuit con-
figured to include the respective switching devices T2b,
T4b and T6b forms negative electrode-side DC terminals
of the second inverter 20b, and is connected to the
ground level of the vehicle through the shunt resistors
Rub, Rvb and Rwb, respectively.

[0024] The ECU 10 mounts thereon a microcomputer
(hereinafter referred to as a "CPU") 13 that mainly serves
the functions of the ECU. The CPU 13 includes, as built-
in units, an ordinary control-value calculation unit 11 for
calculating a control value as a target current control-
value in ordinary times in a case in which a failure or fault
does not occur as will be described later, a fault detection
unit 12 for detecting a fault (s) of the firstinverter 20a and
the second inverter 20b, and a fault control-value calcu-
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lation unit 14 for calculating a control value (s) as a target
current control-value (s) to respond to a faulty time.
[0025] Note that, in Fig. 1, the first inverter 20a, the
second inverter 20b, the first relay 6a and the second
relay 6b, and the ECU 10 are separately configured with
each other; however, it may be adopted that at least one
of the first inverter 20a, the second inverter 20b, the first
relay 6a and the second relay 6b is built in the ECU 10.
[0026] The CPU 13 in the ECU 10 calculates a target
current control-value (s) of the motor 3 using the ordinary
control-value calculation unit 11 or the fault control-value
calculation unit 14 described above based on informa-
tion, for example, steering torque and a vehicle speed
from the sensors 2, and supplies gate signals corre-
sponding to the target current control-value (s) to the
gates of each of the switching devices of the first inverter
20a and the second inverter 20b by way of signal lines
8, so that these switching devices are subjected to PWM
controls. The motor 3 is driven by three-phase AC power
that is subjected to the PWM controls by the first inverter
20a and the second inverter 20b, and produces desired
assist torque that is added to a steering shaft (not shown
in the figure). The target current control-value(s) calcu-
lated using the ordinary control-value calculation unit 11
or the fault control-value calculation unit 14 is distributed
between the first inverter 20a and the second inverter
20b, so that the quantities of electric currents are shared
by the first motor coil 3a and the second motor coil 3b.
This sharing ratio can be arbitrarily set.

[0027] Aphase-U terminal voltage Mua, a phase-V ter-
minal voltage Mva and a phase-W terminal voltage Mwa
of the first motor coil 3a derived from a phase-U AC ter-
minal, a phase-V AC terminal and a phase-W AC terminal
of the first inverter 20a are inputted into the CPU 13 by
way of signal lines 7, respectively. In addition, a phase-
U motor current lua, a phase-V motor current lva and a
phase-W motor current Iwa that flow in the first motor coil
3a are derived from the connecting portions between
each of the shunt resistors Rua, Rva and Rwa, and each
of the switching devicesT2a, T4a andT6a of the first in-
verter 20a, and are inputted into the CPU 13 by way of
the signal lines 7, respectively.

[0028] Similarly, a phase-U terminal voltage Mub, a
phase-V terminal voltage Mvb and a phase-W terminal
voltage Mwb of the second motor coil 3b derived from a
phase-U AC terminal, a phase-V AC terminal and a
phase-W AC terminal of the second inverter 20b are in-
putted into the CPU 13 by way of the signal lines 7, re-
spectively. In addition, a phase-U motor current lub, a
phase-V motor current Ivb and a phase-W motor current
Iwb that flow in the second motor coil 3b are derived from
the connecting portions between each of the shunt re-
sistors Rub, Rvb and Rwb, and each of the switching
devices T2b, T4b and T6b of the second inverter 20b,
and are inputted into the CPU 13 by way of the signal
lines 7, respectively.

[0029] In the electric power steering apparatus config-
ured as described above according to Embodiment 1 of
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the present invention, the first system and the second
system control, in ordinary times, the quantities of electric
currents in the first motor coil 3a and the second motor
coil 3b in accordance with predetermined sharing values
based on an output from the ordinary control-value cal-
culation unit 11 in the ECU 10, and produce the desired
assist torque on the motor 3.

[0030] The CPU 13 providedin the ECU 10 calculates,
in ordinary times, a target current control-value (s) of the
motor 3 by the ordinary control-value calculation unit 11
based oninformation of driver’s steering torque, avehicle
speed and the like inputted from the sensors 2 as de-
scribed above, and supplies gate signals corresponding
to the aforementioned sharing values in response to the
calculated target current control-value(s) to the gates of
each of the switching devices of the first inverter 20a by
way of the signal lines 8, so that the switching devices
thereof are subjected to a PWM control. Similarly, the
CPU supplies gate signals corresponding to the afore-
mentioned sharing values in response to the aforemen-
tioned calculated target current control-value (s) to the
gates of each of the switching devices of the second in-
verter 20b by way of the signal lines 8, so that the switch-
ing devices thereof are subjected to a PWM control.
[0031] The motor 3 is driven in accordance with the
first motor coil 3a that is energized by three-phase AC
power subjected to the PWM control by the first inverter
20a and with the second motor coil 3b that is energized
by three-phase AC power subj ected to the PWM control
by the second inverter 20b, and produces assist torque
corresponding to driver’s steering torque and a vehicle
speed so that the torque is added to a steering shaft (not
shown in the figure).

[0032] Theseoperationsdescribed above are the sum-
mary operations in ordinary times as the electric power
steering apparatus is in usual times.

Note that, in the ordinary times, it is also possible to ar-
range that either one of the first system or the second
system may be only selected so as to drive the motor 3,
and that the other system is put into a resting state.
[0033] Next,the explanation will be made for the details
of fault detection in the electric power steering apparatus
according to Embodiment 1 of the present invention, and
those of operations including a control in a faulty time in
the apparatus. Fig. 2 is a flowchart illustrating operations
ofthe electric power steering apparatus according to Em-
bodiment 1 of the present invention, showing processing
routines of the CPU 13 built-in the ECU 10.

[0034] InFig. 2, when a power source of the vehicle is
switched on by an operation of an ignition key, initializa-
tion of a RAM (not shown in the figures), ports (not shown
inthefigures), and the like ofthe CPU 13 isfirst performed
at Step S1. The initialization is a process that is only
processed whenthe power source is switched on. At Step
S1, a first fault determination other than the initialization
described above is carried out.

[0035] The aforementioned first fault determination is
determination in which operating states are checked on
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each of the switching devices T1a, T2a, T3a, T4a, T5a
and T6a in the first inverter 20a, each of the switching
devices T1b, T2b, T3b, T4b, T5b and T6b in the second
inverter 20b, the first relay 6a and the second relay 6b,
and then determination is performed on the presence or
absence of a fault for each of the checking-object’s items.
Specifically, according to instructions from the CPU 13,
turn-on/turn-off instructions are outputted for everyone
ofthe checking-object’ s items described above, and their
checking is performed by monitoring the individual phase
terminal-voltages Mua, Mva and Mwa of the first motor
coil 3a and the individual phase motor currents lua, Iva
and lwa, and also the individual phase terminal-voltages
Mub, Mvb and Mwb of the second motor coil 3b and the
individual phase motor currents lub, Ivb and Iwb.
[0036] For example, in checking on the switching de-
vice T1a, itis possible to determine, in a state of a power
source from the battery 4 being supplied by turning-on
the first relay 6a, the presence or absence of a fault in
this switching device T1a by turning-on the switching de-
vice T1a and checking if the phase-U terminal voltage
Mua appears or not, and also by turning-off the switching
device T1a and checking if the phase-U terminal voltage
Mua disappears or not.

[0037] In addition, checking is performed on whether
or not a motor current flows, for example, by simultane-
ously turning-on the switching device T3a of the phase-
V upper arm and the switching device T2a of the phase-
U lower arm for a short time, and by determining whether
or not a phase-U motor current lua flows in the first motor
coil 3a. According to the above, the first fault determina-
tion is performed by checking the checking-object’ s
items on a one-by-one basis and/or by checking respec-
tive switching devices that form pairs, so that the fault
detection is made possible before starting the control of
the electric power steering apparatus.

[0038] In the first fault determination, not only the fault
determination of the aforementioned switching devices,
but also the presence or absence of an open circuit or a
short circuit in the first motor coil 3a and the second motor
coil 3b cf the motor 3 can be similarly checked. A fault
determination due to an open circuit or a short circuit in
the first motor coil 3a and the second motor coil 3b can
be performed using a mode in which a plurality of switch-
ing devices becomes faulty at the time of checking the
presence or absence of a fault in each of the switching
devices.

[0039] Inthe processing of the first fault determination
at Step S1 described above, if any of fault is detected, a
flag Fg1 is set, and also content of the fault is stored. If
a fault cannot be detected, the flag Fg1 is reset.

[0040] Next, at Step S2, pieces of the information, for
example, driver’s steering torque, a vehicle speed and
the like, are each inputted from the sensors 2 into the
CPU 13 in the ECU 10. Next, at Step S3, a fault deter-
mination is performed for a second time. The fault deter-
mination at this Step S3 is referred to as a second fault
determination. This processing of the second fault deter-
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mination is similar to the first fault determination at Step
S1 described above; however, the checking is repeated
for a number of times as long as the power source is
switched on, and moreover, the checking is performed
even during the motor control.

[0041] Because performing the checking on each of
the switching devices on a one-by-one basis during the
motor control primarily exerts an effect on the control of
the electric power steering apparatus, there are many
cases causing difficulties to achieve. For this reason, in
the second fault determination at Step S3, the fault de-
termination is carried out by performing the checking
alongside of the control states, for example, whether or
not a motor terminal voltage (s) coincides with a target
control value, whether or not a motor current (s) is sub-
stantially separated from a target current, or the like.
[0042] For example, during the motor control by the
first system, if the switching devices in the first inverter
20a partially causes an open circuit fault or a short circuit
fault, such an open circuit fault or a short circuit fault in
those switching devices can be detected by monitoring
each of the individual phase terminal-voltages Mua, Mva
and Mwa of the first motor coil 3a.

[0043] Similarly, inacase also during the motor control
by the second system, if the switching devices in the sec-
ond inverter 20b partially causes an open circuit fault or
a short circuit fault, such an open circuit fault or a short
circuit fault in those switching devices can be detected
by monitoring each of the individual phase terminal-volt-
ages Mub, Mvb and Mwb of the second motor coil 3b.
[0044] In addition, by monitoring the individual phase
motor currents lua, lva and Iwa during the motor control
by the first system, itis possible to check that, if an electric
current flows in a checking-object’'s phase at a timing
when gate signals are not supplied to a switching device
(s) corresponding to the checking-object’s phase, a short
circuit fault occurs in the switching device(s) correspond-
ing to the checking-object’s phase. Moreover, according
to these checking procedures, it can be said that, in a
similar manner to the case at Step S1, the fault determi-
nation is also inclusively performed for an open circuit or
a short circuit in the first motor coil 3a.

[0045] Similarly, by monitoring the individual phase
motor currents lub, Ivb and Iwb in a case also during the
motor control by the second system, itis possible to check
that, if an electric current flows in a checking-object’ s
phase at a timing when gate signals are not supplied to
a switching device (s) corresponding to the checking-
object’s phase, a short circuit fault occurs in the switching
device(s) corresponding to the checking-object'sphase.
Moreover, according to these checking procedures, itcan
be said that, in a similar manner to the case at Step S1,
the fault determination is also inclusively performed for
an open circuit or a short circuit in the second motor coill
3b.

[0046] In the second fault determination at Step S3, if
a fault is detected, a flag Fg2 is set, and if a fault is not
detected, the flag Fg2 is reset. In addition, when a fault
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is determined, content of the fault, identification of the
faulty switching device(s), an open circuit fault or a short
circuit fault in the motor coil(s), and the like are stored.
[0047] Note that, if the motor control is not currently in
progress, it is possible to perform checking on each of
the switching devices in a similar manner to the case at
Step S1.

[0048] Next, at Step S4, checking is performed wheth-
er or not a fault is detected by the first fault determination
and the second fault determination described above.
Namely, the presence or absence of a fault is determined
based on whether or not the aforementioned flag Fg1 or
flag Fg2 is set at "1." As a result of the determination, if
neither of the flag Fg1 nor the flag Fg2 is set at "1," de-
termination is made that a fault is not present (N), the
processing proceeds to Step S5, so that calculation of
an ordinary control-value is performed by the ordinary
control-value calculation unit 11 of the CPU 13.

[0049] The calculation of the ordinary control-value at
Step S5 is a calculation in which a control value is cal-
culated similarly to the conventional apparatus so that,
using steering torque, a vehicle speed, the difference be-
tween a target current and an actual current and the like,
motor current values coincide with the target value. And
then, the result is distributed to two systems between the
first system and the second system. As described above,
this sharing ratio between the two systems can be arbi-
trarily set. Next, the processing proceeds to Step S6, the
fault notification to the driver is halted.

[0050] Onthe other hand, if determination is made that
a fault occurs (Y) at Step S4, the processing proceeds
to Step S7, and afault-time control-value (s) is calculated.
The processing at this Step S7 corresponds to that in the
fault control-value calculation unit 14 in Fig. 1. In order
to calculate the fault-time control-value (s), it is first re-
quired to determine content of the fault. In one system
between the two systems, if determination is made that
one of the switching devices has an open circuit or short
circuit fault, control values are calculated so that the one
faulty system continues its control even though a target
current is decreased from the three-phase control to a
two-phase control. In the other normal system, the control
value is increased by additively increasing it by the quan-
tity of decrease of the control value in the one faulty sys-
tem.

[0051] Inaddition, in the firstinverter 20a or the second
inverter 20b, a faulty system cannot be used in such a
case of critical faults when an upper-arm switching device
and a lower-arm switching device in one phase simulta-
neously cause short circuit faults, and when a short circuit
fault causes in the first motor coil 3a or the second motor
coil 3b; and therefore, it is inevitable to interrupt the relay
of the faulty system. In this case, the control value is
calculated so that a motor current is supplied in the nor-
mal system up to a maximum of two times. Namely, at
Step S7, the fault-time control-value (s) is calculated in
accordance with the order of fault so that the electric cur-
rent’s control value in the normal system is increased
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largerthan an ordinary one up to a maximum of two times.
[0052] Next, at Step S8, a signal to the notification de-
vice 9 is outputted so as to perform the fault notification
to the driver. It may be adopted that the notification device
9 is not a notification device of one type with sound, light
orthe like, buta device of a plurality of types of notification
devices that are combined. Moreover, by suitably adopt-
ing that, even with one type of notification device, for
example, afaultindicator lamp not only lights up, but also
flashes on and off, the fault notification to the driver can
be reliably performed.

[0053] Next, the processing proceeds to Step S9, and
the control value calculated at Step S5 or Step S7 is
distributed between the first system and the second sys-
tem based on a predetermined sharing ratio; gate signals
based on those distributed control values are outputted
to gates of each of the switching devices in the first in-
verter 20a and the second inverter 20b.

[0054] Next, at Step S10, the processing is on standby
so that a next processing can be carried out at a period
t [msec] of the CPU 13. When the t [msec] lapses after
having completed the current processing, the processing
returns to Step S2 for a second time, so that the next
processing similar to the current processing is continued.
[0055] Hereinbefore, the explanation is made for the
operations of the electric power steering apparatus ac-
cording to Embodiment 1 of the present invention; next,
the explanation will be made in more detail for calculation
of a fault-time control-value (s) at Step S7 described
above. Fig. 3 is a control characteristic diagram of the
electric power steering apparatus according to Embodi-
ment 1 of the present invention, depicting a relationship
of motor currents with respect to torque on the motor.
[0056] In Fig. 3, the horizontal axis designates torque;
the "+" value side designates clockwise torque, and the
"-"value side, counterclockwise torque. The vertical axis
designates a target motor current; the "+" value side in-
dicates a target motor current that produces clockwise
torque, and the "-" value side, a target motor current that
produces counterclockwise torque. Because counter-
clockwise control characteristics are equivalent to clock-
wise control characteristics, the explanation will be made
only for the clockwise control characteristics in the fol-
lowing description.

[0057] InFig. 3, control characteristics 31 and 32 indi-
cated by the broken lines show ordinary time control char-
acteristics in cases of ordinary controls in which the two
systems described above are both not faulty, and control
characteristics 33 and 34 indicated by the solid lines show
fault-time control characteristics in the other normal sys-
tem when one of the two systems becomes faulty. The
ordinary time control characteristic 31 and the fault-time
control characteristic 33 are in the cases in which a ve-
hicle speed is approximately "0" [km/h], and the ordinary
time control characteristic 32 and the fault-time control
characteristic 34 show the cases when a vehicle speed
is approximately "20" [km/h].

[0058] Currently, itis presumed that the vehicle is run-
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ning at its speed of approximately "20" [km/h] when a
fault occurs in one of the two systems, the other system
being normal takes on the fault-time control characteristic
34 increased ata predetermined increase ratio 36 in com-
parison with the ordinary time control characteristic 32.
Meanwhile, in a case in which the wheeled-vehicle speed
is approximately "0" [km/h] when a fault occurs in one of
the two systems, the other system that is normal takes
on the fault-time control characteristic 33 increased at a
predetermined increase ratio 35 in comparison with the
ordinary time control characteristic 31. In this case, the
fault-time control characteristic 33 takes on the control
characteristic having an electric current value that is
about two times as large as that in the ordinary time con-
trol characteristic 31.

[0059] Itis well known that, in a switching device such
as an field-effect transistor, for example, there exists a
maximum value in an electric current in which the device
can flow therethrough. A maximum current value 37
shown in Fig. 3 indicates the maximum current value of
each of the switching devices in the first inverter 20a and
the second inverter 20b. This maximum current value 37
is a maximum current value that is defined after charac-
teristics of each of the switching devices and heat gen-
eration of the switching devices are also taken into con-
sideration; the ECU 10 does not output such a control
value that exceeds the maximum current value 37, and,
in proximity to the maximum current value 37, the motor
3 cannot be driven for a long time when heat generation
of the switching devices is taken into consideration.
[0060] The fault-time control characteristic 33 in the
aforementioned vehicle speed of "0" [km/h] reaches the
maximum current value 37 described above at a smaller
torque value in comparison with the ordinary time control
characteristic 31 in a case of a vehicle speed of "20"
[km/h]. Meanwhile, in ordinary running times such that
the vehicle is running at the speed of "20" [km/h], it is
also possible to arrange as shown in Fig. 3 that the fault-
time control characteristic 34 is a control characteristic
having a smaller electric current value than a value of
two times to the ordinary time control characteristic 32;
in this case, the maximum current value 37 is not
reached, so that the increase ratio 36 for the control value
can be freely changed.

[0061] In general, there are not many states in which
the maximum current value 37 is reached during an ac-
tual vehicle running, and the electric current is supplied
to the motor 3 at the maximum current value 37 for a long
time; and there are many states in which a range that is
less than or equal to half of the maximum current value
37 is used on average. For this reason, during a faulty
time of one system, itis possible in practical use to secure
steering torque by only the other normal system.

[0062] In Fig. 3, in a faulty time of one system, an in-
crease ratio of a control characteristic of the other normal
system changes in accordance with a vehicle speed;
when the vehicle speed is at approximately "0" [km/h],
the increase ratio reaches the maximum value. The con-
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trol characteristic 33 in this case takes on the control
characteristic having an electric current value that is two
times as large as that in the ordinary time control char-
acteristic 31 in which a fault does not occur, as described
above.

[0063] In the faulty time of the one system described
above, the increase ratio of the control characteristic of
the other normal system can be arbitrarily changed as
the vehicle speed becomes higher; the increase ratio fi-
nally approaches "1." Meanwhile, in the faulty system, it
is sufficient to arrange that, in place of an arbitrary de-
crease ratio, decrease ratios changing in a plurality of
steps are used in such a manner as in the number of
effective phases, for example, in [two phases = 60%], or
in a [single phase = 30%], [50%] or [0%]. For this reason,
in a case in which the normal system is driven depending
on the decreased control value based on the decrease
ratios that change stepwise in the faulty system, it may
be adopted that the aforementioned increase ratio is
changed stepwise to[+30%], [+50%], [+60%] or [+100%].
In addition, it may be adopted that, when the ratio is
changed stepwise, the change may not be made sharply
to a different value, but a gradual change is made so as
to finally approach to the value.

[0064] The change of the increase ratio of the normal
system can be made, other than the case depending on
the vehicle speed, to depend on an electric current value,
a multiplication value of the electric current value or a
square value of electric current, or the change can also
be made so that the smaller the electric current value is
or the smaller the multiplication value is, the larger the
increase ratio is increased. Such a method of changing
the increase ratio is a method to which, by particularly
considering heat generation of the components, consid-
eration is given so that the normal system may not also
become faulty by overusing the normal system. In addi-
tion, it is also possible to arrange that the increase ratio
is continued to be outputted for a predetermined time
after the fault, and, from that time onward, is gradually
decreased to a predetermined value. Moreover, in place
ofthe increaseratio and the decrease ratio, similar effects
can be achieved by compensating them as an addition
value and a subtraction value.

[0065] Note that, the aforementioned increase ratio in
the normal system described above sets a value that
corresponds to the number of systems as a maximum
increase ratio. Namely, if the number of systems is "2"
as in a case in Embodiment 1, the increase ratio is a
maximum of two times; if the number of systems is "3,"
the increase ratio is a maximum of three times.

[0066] As described above, according to the electric
power steering apparatus in Embodiment 1 of the present
invention, a fault in one system is detected, and, in ac-
cordance with a state of that fault, a current control char-
acteristic is decreased in the faulty system; in the normal
system, the current control characteristic is increased in
comparison with an ordinary current control characteris-
tic; and, by continuing the control at the increase ratio up
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to a maximum of the number of systems, it is possible,
without reducing a sum total of torque for steering assist,
to maintain the assist force and continue providing it to
the driver as much as possible. According to this arrange-
ment, a workload of the driver is mitigated, and running
of the vehicle is made easier; in addition, when part of
system(s) in a plurality of systems becomes faulty, a
sharp change of steering torque is not caused, so that it
is possible to secure steering capability, and also to con-
tribute to stable running of the vehicle.

Embodiment 2.

[0067] Next, the explanation willbe made for an electric
power steering apparatus according to Embodiment 2 of
the present invention. Fig. 4 is a flowchart illustrating op-
erations of the electric power steering apparatus accord-
ing to Embodiment 2 of the present invention; the same
reference numerals and symbols in Fig. 2in Embodiment
1 designate that equivalent processing is performed at
those; meanwhile, main points which differ from the flow-
chart of Fig. 2 are that fault-time control-value calculation
and its output are different. The circuit configuration of
the electric power steering apparatus according to Em-
bodiment 2 of the present invention is equivalent or sim-
ilar to those shown in Fig. 1 in the case of Embodiment 1.
[0068] In Fig. 4, when a power source of the vehicle is
switched on by an operation of an ignition key, initializa-
tion of a RAM (not shown in the figures), ports, and the
like of the CPU 13 is first performed at Step S1. The
initialization is a process that is only processed when the
power source is switched on. At Step S1, a first fault
determination other than the initialization described
above is carried out. Content of this first fault determina-
tion is similar to the content of Step S1 of Fig. 2 in Em-
bodiment 1 described above.

[0069] Inthe processing of the first fault determination
at Step S1, if any of fault described above is detected,
the flag Fg1 is set, and also content of the fault is stored.
When a fault cannot be detected, the flag Fg1 is reset.
[0070] Next, at Step S2, pieces of the information, for
example, driver’s steering torque, a vehicle speed and
the like, each from the sensors 2 are inputted into the
CPU 13 in the ECU 10. Next, at Step S3, a fault deter-
mination is performed for a second time. The fault deter-
mination at this Step S3 is referred to as the second fault
determination. This processing of the second fault deter-
mination is similar to the first fault determination at Step
S1 described above; however, the checking is repeated
for a number of times as long as the power source is
switched on, and moreover, the checking is performed
even during the motor control. Content of the second fault
determination at Step S3 is similar to the processing con-
tent at Step S3 of Fig. 2 described above.

[0071] In the second fault determination at Step S3, if
afault is detected, the flag Fg2 is set, and if a fault is not
detected, the flag Fg2 is reset. In addition, when a fault
is determined, content of the fault, identification of the
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faulty switching device(s), an open circuit fault or a short
circuit fault in the motor coil(s), and the like are stored.
[0072] Next, calculation of an ordinary control-value is
performed at Step S5. The calculation of an ordinary con-
trol-value is similar to the calculation at Step S5 in Fig. 2
described above. Next, the processing proceeds to Step
S4, and checking is performed whether or not a fault is
detected by the first fault determination and the second
fault determination described above. Namely, the pres-
ence or absence of afaultis determined based on wheth-
er or not the aforement ioned flag Fg1 or flag Fg2 is set
at "1." As a result of the determination, if neither the flag
Fg1 nor the flag Fg2 is set at "1," determination is made
that a fault is not present (N), so that the processing pro-
ceeds to Step S6, and the fault notification to the driver
is halted.

[0073] On the other hand, as a result of the determi-
nation at Step S4, if either of the flag Fg1 or the flag Fg2
is set at "1," the determination is made that a fault is
present(Y), so that the processing proceeds to Step S11,
and a fault-time control-value(s) is calculated. In the cal-
culation of the fault-time control-value(s) at Step S11, a
sharing ratio of output quantities between the two sys-
tems is changed in accordance with the content of a fault
stored when the fault has been detected.

[0074] Namely, whenone systembetween the two sys-
tems becomes faulty so that it is inevitable to decrease
the current control characteristic by a predetermined val-
ue, the sharing ratio is changed so that, without changing
a target current as much as possible, namely, without
reducing the sum total of torque controlled by the driving
circuits of the two systems as much as possible, an in-
sufficient quantity of the faulty system is compensated
by the other normal system. For example, when the faulty
system is altered from three-phase driving to two-phase
driving, a sharing ratio of output quantities between the
normal system and the faulty system is set at[1.4 : 0.6],
respectively.

[0075] Next, at Step S8, a signal to the notification de-
vice 9 is outputted to perform the fault notification to the
driver in a similar manner as Step S8 in Fig. 2 described
above. It maybe adopted that the notification device 9 is
not a notification device of one type with sound, light or
the like, but a device of a plurality of types of notification
devices that are combined. Moreover, by suitably adopt-
ing that, even with one type of notification device, for
example, afaultindicator lamp not only lights up, but also
flashes on and off, the fault notification to the driver can
be reliably performed.

[0076] Next, at Step S12, control values are outputted,
during a faulty time, by setting the sharing ratio of output
quantities between the normal system and the faulty sys-
tem at [1.4 : 0.6], respectively; when a fault does not oc-
cur, control values are outputted by setting the ratio of
those outputs at [1 : 1]. Therefore, ratios of outputs of the
first system and the second system take on values from
"1.0"to"2. 0" inthe normal systems, and, when the ratios
of the outputs of the first system and the second system
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are added to each other, approximately "2.0" is given as
the sum total of them.

[0077] In addition, at the time of a short circuit fault in
one of the switching devices, the control is continued to
some extent using remaining switching devices, and a
control value is outputted in the normal system so that
the amount of decrease of sharing an output quantity in
the faulty system is compensated; although there is no
reduction in a sum total of torque on average, torque
variation is caused from a more microscopic viewpoint
because of the fault. For this reason, it is also possible
to arrange that, by increasing the ratio of sharing the out-
put quantities for the normal system to some extent, and
thus setting a sum total of both the ratios larger than "2.0,"
the reduction in the sum total of torque is eliminated more
in the driver’s feelings. Moreover, by particularly consid-
ering heat generation in the normal system, itis also pos-
sible to set a sum total of sharing of both the output quan-
tities smaller than "2.0" to some extent, and to enhance
ease of notification to the driver.

[0078] As described above, according to the electric
power steering apparatus in Embodiment 2 of the present
invention, the sharing ratio of output quantities each for
the systems is changed in accordance with a state of a
fault at the time when the fault is detected, so that a value
of the target current is not changed, resulting in simpler
processing. In addition, because a sum total of output
quantities is not changed, the control can be continued
without changing the quantity of assist to driver’s steering
torque; as a result, it is possible to achieve an effect to
curb a workload of the driver.

Embodiment 3.

[0079] Next, the explanation willbe made for an electric
power steering apparatus according to Embodiment 3 of
the present invention. The electric power steering appa-
ratus according to Embodiment 3 of the present invention
has its features in a method of notifying the driver of which
a manner to control is changed in a system when either
one of the systems becomes faulty as described above
in aforementioned Embodiment 1 or Embodiment 2.
Namely, in Embodiment 1 and Embodiment 2 described
above, the notification device 9 requires to mount with a
speaker and/or a lamp, for example; however, in Embod-
iment 3, a notification device itself is not newly required.
Note that, in a similar manner to the cases in Embodiment
1 and Embodiment 2, the notification device 9 may be
separately provided.

[0080] Fig. 5 is a characteristic diagram for explaining
the electric power steering apparatus according to Em-
bodiment 3 of the present invention; in the characteristic
diagram, an example of torque is depicted so that the
motor produces it by a normal system when a fault oc-
curs. In Fig. 5, the vertical axis indicates the torque pro-
duced by the normal system, and the horizontal axis,
time. As explained in aforementioned Embodiments 1
and 2, the sharing ratio of the output quantity by the nor-
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mal system is increased when one of the systems be-
comes faulty, and an average value of torque produced
on the motor in accordance with the normal system is
made larger than the torque produced in a control char-
acteristic in ordinary times when a fault does not occur,
resulting in a characteristic of generally two times.
[0081] InFig. 5, numeral "40" depicts torque produced
in control characteristics in ordinary times when a fault
does not occur. Numeral "41" depicts torque produced
by a normal system when one of the systems becomes
faulty. The torque "41" produced by the normal system
when one of the systems becomes faulty is torque in
which an alternating-current (AC) component between 1
[kHz] and 6 [kHZz] being in the audible frequency range
is superimposed on the produced torque due to increase
in sharing of an output quantity, it is made possible to
generate an electromagnetic sound between 1 [kHz] and
6 [kHz] from the motor. Therefore, without utilizing an
additional hardware such as a special notification device
or the like, it is possible to notify the fault to the driver
using the electromagnetic sound of 1 [kHz] to 6 [kHz].
[0082] Fig. 6 is another characteristic diagram for ex-
plaining the electric power steering apparatus according
to Embodiment 3 of the present invention, depicting a
relationship between frequencies and responses thatare
plotted. In Fig. 6, the horizontal axis indicates the fre-
quencies [Hz], and the vertical axis, the responses [dB].
InFig. 6, numeral"43"is referred to as the equal-loudness
contour that depicts sensation of a human being relating
to the magnitude of sound (loudness), indicating that au-
ditory sensation of a human being is sensitive to sounds
between 1 [kHz] and 6 [kHZz].

[0083] Meanwhile, numeral "42" depicts a current con-
trol response curve; in the curve, responses of electric
currents actually supplied are plotted with respect to de-
sired electric currents to be supplied to the motor 3. As
it can be understood from the curve "42" in Fig. 6, the
responses on current control is lowered in the bandwidth
of frequencies between 1 [kHz] and 6 [kHZz].

To this end, in order to generate an electromagnetic
sound between 1. [kHz] and 6 [kHz] from the motor 3, it
is suitable that an alternating-current (AC) voltage be-
tween 1 [kHz] and 6 [kHz] appropriately be superimposed
on aninverter-outputted voltage (s) generated in another
normal system(s). Because the bandwidth of frequencies
between these 1 [kHz] and 6 [kHZ] is higher than a fre-
quency of current control responses, the control of an
inverter current(s) generated in the normal system(s) is
not interfered, so that it is possible to generate the elec-
tromagnetic sound between 1 [kHz] and 6 [kHz] for noti-
fying it to the driver.

[0084] As described above, according to the electric
power steering apparatus in Embodiment 3 of the present
invention, it is possible to notify, without newly adding a
notification device to the apparatus, the driver of the fail-
ure or fault by superimposing an AC component(s) of a
predetermined frequency on a control value(s) or varia-
ble(s) in another normal system(s).
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[0085] Note that, in the present invention, each of the
embodiments can be freely combined, appropriately
modified within the scope of the invention, which is de-
fined by the claims.

INDUSTRIAL APPLICABILITY

[0086] The electric power steering apparatus accord-
ing to the present invention can be utilized as a power
steering apparatus of a wheeled vehicle such as an au-
tomotive vehicle.

Claims

1. An electric power steering apparatus configured to
assist in steering force of a driver by driving force of
a motor (3) having a plurality of independent motor
coils (3a, 3b), the electric power steering apparatus,
comprising:

a plurality of systems including driving circuits
(20a, 20b) provided for every one of the plurality
of motor coils (3a, 3b), for driving the motor coils
(3a, 3b) corresponding to the driving circuits
(20a, 20b); and

a control unit (10) for controlling control values
of the driving circuits (20a, 20b), wherein,
when afault occurs in atleast one of the plurality
of systems including the motor coils (3a, 3b),
the control unit (10) decreases a control value
of a system in which the fault occurs from an
ordinary time control value thereof, and also in-
creases a control value of a system in which the
fault does not occur to more than an ordinary
time control value thereof.

2. The electric power steering apparatus as set forth in
claim 1, wherein,

when afault occurs in atleast one of the plurality
of systems including the motor coils (3a, 3b),
the control unit (10) increases, corresponding to
the decrease of a control value of a system in
which the fault occurs, a control value of a sys-
tem in which the fault does not occur.

3. The electric power steering apparatus as set forth in
claim 1 or claim 2, wherein

the control unit (10) comprises:

afaultdetection unit (12) for detecting a fault
of the plurality of systems including the mo-
tor coils (3a, 3b) corresponding thereto;

an ordinary control-value calculation unit
(11) for calculating an ordinary time control
value of the plurality of systems in ordinary
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times when the fault detection unit (12) does
not detect the fault, and for outputting an
ordinary time control value being calculated
to the plurality of systems; and

a fault control-value calculation unit (14) for
calculating a first fault-time control value,
when the fault detection unit (12) detects
the fault, so thata control value is decreased
or the controlling is stopped in accordance
with a state of the fault and for outputting a
firstfault-time control value being calculated
to a system in which the fault occurs, and
also for calculating a second fault-time con-
trol value that is increased more than an or-
dinary time control value and for outputting
a second fault-time control value being cal-
culated to a system in which the fault does
not occur; and

the plurality of motor coils (3a, 3b)

are driven by the driving circuits (20a, 20b)
of the systems corresponding thereto based
on an output from the ordinary control-value
calculation unit (11), when the fault detec-
tion unit (12) does not detect the fault; and
are controlled by the driving circuits (20a,
20b) of the systems corresponding thereto
based on an output from the fault control-
value calculation unit (14), when the fault
detection unit (12) detects the fault.

The electric power steering apparatus as set forth in
claim 3, wherein the fault control-value calculation
unit (14) is capable of increasing, in accordance with
astate of the fault, the second fault-time control value
outputted to a system in which the fault does not
occur, up to a value given by multiplying the ordinary
time control value by the number of the systems.

The electric power steering apparatus as set forth in
claim 3 or claim 4, wherein the fault control-value
calculation unit (14) changes, in accordance with a
state of the fault being detected, a sharing ratio of
output quantities between the first fault-time control
value for a system in which the fault occurs and the
second fault-time control value for a system in which
the fault does not occur.

The electric power steering apparatus as set forth in
any one of claims 3 through 5, wherein the fault con-
trol-value calculation unit (14) increases the second
fault-time control value so that it becomes substan-
tially larger than an ordinary time control value when
a wheeled-vehicle speed is lower, and outputs the
increased second fault-time control value to a sys-
tem in which the fault does not occur.

The electric power steering apparatus as set forth in
any one of claims 3 through 6, wherein the fault con-
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trol-value calculation unit (14) decreases stepwise,
in accordance with a state of the fault, the first fault-
time control value outputted to a system in which the
fault occurs.

The electric power steering apparatus as set forth in
claim 7, wherein the number of steps being de-
creased stepwise comprises the number depending
on the number of the systems.

The electric power steering apparatus as set forth in
any one of claims 1 through 8, wherein

the plurality of motor coils (3a, 3b) is constituted
of two sets of three-phase motor coils (3a, 3b);
the plurality of systems is constituted of two sets
of systems corresponding to the two respective
sets of motor coils (3a, 3b);

the two sets of systems including the motor coils
(3a, 3b) are periodically monitored for a pres-
ence or absence of the fault; and

objects for the monitoring include at least a ter-
minal voltage of the motor (3) and an electric
current thereof.

The electric power steering apparatus as set forth in
any one of claims 1 through 9, further comprising a
notification device (9) for notifying the driver of an
occurrence of the fault at a time when the fault oc-
curs.

The electric power steering apparatus as set forth in
any one of claims 3 through 10, wherein an alternat-
ing-current value in an audible frequency range is
superimposed on the second fault-time control value
outputted from the fault control-value calculation unit
(14) to a system in which the fault does not occur.

Patentanspriiche

1.

Eine elektrische Lenkhilfevorrichtung, ausgebildet
zum Unterstitzen einer Lenkkraft eines Fahrers
durch eine Antriebskraft eines Motors (3) mit einer
Vielzahl von unabhangigen Motorspulen (3a, 3b),
wobei die elektrische Lenkhilfevorrichtung umfasst:

eine Vielzahl von Systemen, welche fir eine je-
de der Vielzahl von Motorspulen (3a, 3b) vorge-
sehene Betriebsschaltkreise (20a, 20b) umfas-
sen, zum Betreiben der zu den Betriebsschalt-
kreisen (20a, 20b) zugehdrigen Motorspulen
(3a, 3b); und

eine Steuereinheit (10) zum Steuern von Steu-
erwerten der Betriebsschaltkreise (20a, 20b),
wobei,

wenn ein Fehler in zumindest einem der die Mo-
torspulen (3a, 3b) umfassenden Systeme auf-
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tritt,

die Steuereinheit (10) einen Steuerwert eines
Systems, bei welchem der Fehler aufgetreten
ist, von einem Normalzeitsteuerwert davon ver-
mindert und ebenso einen Steuerwert eines
Systems, bei welchem der Fehler nicht auftritt,
auf einen gréReren als einen Normalzeitsteuer-
wert davon erhoht.

Elektrische Lenkhilfevorrichtung gemafy Anspruch
1, wobei,

wenn ein Fehler in zumindest einem der die Motor-
spulen (3a, 3b) umfassenden Systeme aulftritt,

die Steuereinheit (10) zugehoérend zu der Verminde-
rung eines Steuerwerts eines Systems, bei welchem
der Fehler auftritt, einen Steuerwert eines Systems,
bei welchem der Fehler nicht auftritt, erhdht.

Elektrische Lenkhilfevorrichtung gemafR Anspruch 1
oder Anspruch 2, wobei
die Steuereinheit (10) umfasst:

eine Fehlerdetektionseinheit (12) zum Detektie-
ren eines Fehlers der Vielzahl von die dazu ge-
hérenden Motorspulen (3a, 3b) umfassenden
Systemen;

eine  Normalsteuerwert-Berechnungseinheit
(11) zum Berechnen eines Normalzeitsteuer-
werts der Vielzahl von Systemen zu Normalzei-
ten, wenn die Fehlerdetektionseinheit (12) kei-
nen Fehler detektiert, und zum Ausgeben eines
berechneten Normalzeitsteuerwerts an die Viel-
zahl von Systemen; und

eine  Fehler-Steuerwert-Berechnungseinheit
(14) zum Berechnen eines ersten Fehler-Zeit-
steuerwerts, wenn die Fehlerdetektionseinheit
(12) den Fehler detektiert, sodass ein Steuer-
wert vermindert wird oder die Steuerung ange-
halten wird, entsprechend einem Zustand des
Fehlers und zum Ausgeben eines berechneten
ersten Fehlerzeitsteuerwerts an ein System, bei
welchem der Fehler auftritt, und ebenso zum Be-
rechnen eines zweiten Fehlerzeitsteuerwerts,
welcher auf mehr als einen Normalzeitsteuer-
wert erhéht wird, und zum Ausgeben eines be-
rechneten zweiten Fehlerzeitsteuerwerts an ein
System, bei welchem der Fehler nicht auftritt;
und

die Vielzahl von Motorspulen (3a, 3b)

durch die Betriebsschaltkreise (20a, 20b) der
dazugehdrigen Systeme betrieben sind, basie-
rend auf einer Ausgabe von der Normalsteuer-
wert-Berechnungseinheit (11), wenn die Fehler-
detektionseinheit (12) keinen Fehler detektiert;
und durch die Betriebssteuerschaltkreise (20a,
20b) der dazugehoérigen Systeme gesteuert
sind, basierend auf einer Ausgabe von der Feh-
lersteuerwert-Berechnungseinheit (14), wenn
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die Fehlerdetektionseinheit (12) den Fehler de-
tektiert.

Elektrische Lenkhilfevorrichtung gemal Anspruch
3, wobei die Fehler-Steuerwert-Berechnungseinheit
(14) geeignet ist zum Erhdhen entsprechend eines
Zustands des Fehlers des zweiten Fehlerzeitsteuer-
werts, welcher an ein System ausgegeben wird, bei
welchem der Fehler nicht aufgetreten ist, bis zu ei-
nem Wert, welcher durch Multiplizieren des Normal-
zeitsteuerwerts mit der Anzahl der Systeme gege-
ben ist.

Elektrische Lenkhilfevorrichtung gemaf Anspruch 3
oder Anspruch 4, wobei die Fehler-Steuerwert-Be-
rechnungseinheit (14) entsprechend einem Zustand
des detektierten Fehlers ein Aufteilungsverhaltnis
von ausgegebenen GroRen zwischen dem ersten
Fehler-Zeitsteuerwert fiir ein System, bei welchem
der Fehler auftritt, und dem zweiten Fehler-Zeitsteu-
erwert fUr ein System, bei welchem kein Fehler auf-
tritt, andert.

Elektrische Lenkhilfevorrichtung geman einem der
Anspriiche 3 bis 5, wobei die Fehler-Steuerwert-Be-
rechnungseinheit (14) den zweiten Fehler-Zeitsteu-
erwert erhdht, sodass dieser wesentlich groRRer als
ein Normalzeitsteuerwert wird, wenn eine Ge-
schwindigkeit eines Fahrzeugs mit Radern geringer
ist, und der erh6hte zweite Fehler-Zeitsteuerwert an
ein System ausgegeben wird, bei welchem kein Feh-
ler auftritt.

Elektrische Lenkhilfevorrichtung geman einem der
Anspriche 3 bis 6, wobei die Fehler-Steuerwert-Be-
rechnungseinheit (14) entsprechend einem Zustand
des Fehlers den ersten Fehler-Zeitsteuerwert stu-
fenweise vermindert, welcher an ein System ausge-
geben wird, bei welchem der Fehler auftritt.

Elektrische Lenkhilfevorrichtung gemal Anspruch
7, wobei die stufenweise verminderte Anzahl von
Stufen die Anzahl in Abhangigkeit von der Anzahl
der Systeme umfasst.

Elektrische Lenkhilfevorrichtung geman einem der
Anspriiche 1 bis 8, wobei

die Vielzahl von Motorspulen (3a, 3b) aus zwei Sat-
zen von Drei-Phasen-Motorspulen (3a, 3b) gebildet
ist;

die Vielzahl von Systemen aus zwei Satzen von zu
den zwei jeweiligen Satzen von Motorspulen (3a, 3b)
gehdrigen Systemen gebildet ist;

die zwei Satze von die Motorspulen (3a, 3b) umfas-
senden Systemen periodisch auf ein Vorhandensein
oder Abwesendsein des Fehlers tiberwacht werden;
und

Uberwachungsziele zumindest eine Anschluss-
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spannung des Motors (3) und einen elektrischen
Strom davon umfassen.

Elektrische Lenkhilfevorrichtung gemafR einem der
Anspriche 1 bis 9, weiter umfassend eine Benach-
richtigungsvorrichtung (9) zum Benachrichtigen des
Fahrers Uber ein Auftreten des Fehlers zu einem
Zeitpunkt, wenn der Fehler auftritt.

Elektrische Lenkhilfevorrichtung gemafR einem der
Anspriche 3 bis 10, wobei ein Wechselstromwert in
einem horbaren Frequenzbereich dem zweiten Feh-
ler-Zeitsteuerwert Uberlagert ist, welcher von der
Fehler-Steuerwert-Berechnungseinheit (14) an ein
System ausgegeben ist, bei welchem der Fehler
nicht aufgetreten ist.

Revendications

Appareil électrique de direction assistée configuré
pour assister une force de braquage d’un conducteur
au moyen d’une force d’entrainement d’'un moteur
(3) ayant une pluralité de bobines de moteur indé-
pendantes (3a, 3b), I'appareil électrique de direction
assistée, comprenant :

une pluralité de systémes incluant des circuits
d’entrainement (20a, 20b) prévus pour chacune
de la pluralité de bobines de moteur (3a, 3b),
pour entrainer les bobines de moteur (3a, 3b)
correspondant aux circuits d’entrainement (20a,
20b) ; et

une unité de commande (10) pour commander
des valeurs de commande des circuits d’entrai-
nement (20a, 20b), dans lequel,

quand un défaut se produit dans au moins un
de la pluralité de systémes incluant les bobines
de moteur (3a, 3b),

I'unité de commande (10) diminue une valeur
de commande d’'un systéme dans lequel le dé-
faut se produit par rapport a une valeur de com-
mande en temps normal de ce dernier,
etaugmente également une valeur de comman-
de d’'un systéme dans lequel le défaut ne se pro-
duit pas au-dela d’une valeur de commande en
temps normal de ce dernier.

Appareil électrique de direction assistée selon la re-
vendication 1, dans lequel,

quand un défaut se produit dans au moins un de la
pluralité de systémes incluant les bobines de moteur
(3a, 3b),

'unité de commande (10) augmente, en correspon-
dance a la diminution d’'une valeur de commande
d’un systéme dans lequel le défaut se produit, une
valeur de commande d'un systéme dans lequel le
défaut ne se produit pas.
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3. Appareil électrique de direction assistée selon la re-

vendication 1 ou la revendication 2, dans lequel
I'unité de commande (10) comprend :

une unité de détection de défaut (12) pour dé-
tecter un défaut de la pluralité de systéemes in-
cluant les bobines de moteur (3a, 3b) corres-
pondant a ces derniers ;

une unité de calcul de valeur de commande nor-
male (11) pour calculer une valeur de comman-
de en temps normal de la pluralité de systémes
en temps normaux lorsque l'unité de détection
de défaut (12) ne détecte pas le défaut, et pour
sortir vers la pluralité de systemes une valeur
de commande entemps normal qui est calculée;
et

une unité de calcul de valeur de commande de
défaut (14) pour calculer une premiére valeur
de commande au moment d’'un défaut, quand
I'unité de détection de défaut (12) détecte le dé-
faut, de sorte qu’une valeur de commande est
diminuée ou que lacommande est arrétée selon
un état du défaut et pour sortir une premiére
valeur de commande au moment d’un défaut qui
est calculée vers un systeme dans lequel le dé-
faut ne se produit pas, et également pour calcu-
ler une seconde valeur de commande au mo-
ment d’'un défaut qui est augmentée au-dela
d’une valeur de commande en temps normal et
pour sortir une seconde valeur de commande
au moment d’'un défaut qui est calculée vers un
systeme dans lequel le défaut ne se produit pas;
et

la pluralité de bobines de moteur (3a, 3b)

est entrainée par les circuits d’entrainement
(20a, 20b) des systémes correspondant a ces
derniers sur la base d’'une sortie provenant de
I'unité de calcul de valeur de commande norma-
le (11), quand l'unité de détection de défaut (12)
ne détecte pas le défaut; et

est commandée par les circuits d’entrainement
(20a, 20b) des systémes correspondant a ces
derniers sur la base d’'une sortie provenant de
I'unité de calcul de valeur de commande de dé-
faut (14), quand l'unité de détection de défaut
(12) détecte le défaut.

Appareil électrique de direction assistée selon lare-
vendication 3, dans lequel I'unité de calcul de valeur
de commande de défaut (14) est susceptible d’aug-
menter, selon un état du défaut, la seconde valeur
de commande au moment d’un défaut sortie vers un
systeme dans lequel le défaut ne se produit pas,
jusqu’a une valeur donnée en multipliant la valeur
de commande en temps normal par le nombre des
systemes.

Appareil électrique de direction assistée selon lare-
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vendication 3 ou la revendication 4, dans lequel I'uni-
té de calcul de valeur de commande de défaut (14)
change, selon un état du défaut détecté, un ratio de
partage de quantités de sortie entre la premiére va-
leur de commande au moment d’un défaut pour un
systéeme dans lequel le défaut se produit et la secon-
de valeur de commande au moment d’un défaut pour
un systéme dans lequel le défaut ne se produit pas.

Appareil électrique de direction assistée selon I'une
quelconque des revendications 3 a 5, dans lequel
'unité de calcul de valeur de commande de défaut
(14) augmente la seconde valeur de commande au
moment d’'un défaut de sorte qu’elle devient sensi-
blement plus grande qu’une valeur de commande
en temps normal quand une vitesse de véhicule a
roues est inférieure, et sort la seconde valeur de
commande au moment d’'un défaut augmentée vers
un systéme dans lequel le défaut ne se produit pas.

Appareil électrique de direction assistée selon I'une
quelconque des revendications 3 a 6, dans lequel
'unité de calcul de valeur de commande de défaut
(14) diminue pas a pas, selon un état du défaut, la
premiére valeur de commande au moment d’'un dé-
faut sortie vers un systéme dans lequel le défaut se
produit.

Appareil électrique de direction assistée selon la re-
vendication 7, dans lequel le nombre d’étapes dimi-
nué pas a pas comprend le nombre en fonction du
nombre des systémes.

Appareil électrique de direction assistée selon I'une
quelconque des revendications 1 a 8, dans lequel
la pluralité de bobines de moteur (3a, 3b) est cons-
tituée de deux ensembles de bobines de moteur tri-
phasées (3a, 3b) ;

la pluralité de systémes est constituée de deux en-
sembles de systémes correspondant aux deux en-
sembles respectifs de bobines de moteur (3a, 3b) ;
les deux ensembles de systémes incluant les bobi-
nes de moteur (3a, 3b) sont surveillés périodique-
ment en ce qui concerne la présence ou I'absence
du défaut ; et

des objectifs pour la surveillance incluent au moins
une tension terminale du moteur (3) et un courant
électrique de ce dernier.

Appareil électrique de direction assistée selon I'une
quelconque des revendications 1 a 9, comprenant
en outre un dispositif de notification (9) pour notifier
au conducteur une survenance du défaut a un mo-
ment ou le défaut se produit.

Appareil électrique de direction assistée selon I'une
quelconque des revendications 3 a 10, dans lequel
une valeur de courant alternatif dans une plage de
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fréquences audibles est superposée sur la seconde
valeur de commande de temps de défaut sortie en
provenance de l'unité de calcul de valeur de com-
mande de défaut (14) vers un systéme dans lequel
le défaut ne se produit pas.
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Fig. 3
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